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Oxide Composition
93
The most abundant oxides found in MIBA are SiO2, CaO, and Al2O3 whilst Fe2O3, Na2O, SO3, P2O5. 94
MgO and K2O are also present in smaller quantities (references in Appendix A). These main oxides 95
are similar to what is customarily found in common cementitious materials and as such, a ternary 96 plot of their contents in worldwide bottom ash samples is presented in Figure 1 (based on data from 97 the references in Appendix A). 98 It is evident that the bulk of the samples fall close to latent hydraulic and pozzolanic regions, with 100 MIBA generally having a CaO content above the pozzolanic fly ash, but below the latent hydraulic 101 GGBS. Comparing with fly ash in concrete, ASTM C618 (2015) specifies that the SiO2+Al2O3+Fe2O3 102 content should be a minimum of 70% and 50% for Class F and Class C, and it was found that 16% and 103 66% of MIBA samples satisfied these respective limits. 104
105
The bottom ash was found to have an average SO3 content of 2.4%, which satisfies the maximum 3% 106 and 5% limits specified in EN 450 (2012) and ASTM C618 (2015) for fly ash in concrete. However, 107 approximately 1/3 of MIBA exceeded the more stringent EN 450 (2012) limit and as such, could 108 require treatment if used in concrete. Phosphate and magnesium can affect the setting behaviour 109 and soundness of cementitious products, though the contents present in MIBA, average contents of 110 2.4% P2O5 and 1.9% MgO, are well below the 5% and 4% limits specified for fly ash in EN 450 (2012) . 111
Minor amounts of alkalis (Na2O) are also present in the ash, on average at contents of 2.9%. This is 112 within the 5% limit outlined in EN 450 (2012) and similarly to fly ash, MIBA may have a net positive 113 effect on alkali-silica behaviour as a cement replacement, due to alkaline dilution. 114 formation of hydrogen gas bubbles, leading to expansive behaviour and spalling damage that can 146 greatly compromise the concrete performance. In aerated concrete, the expansive reaction is 147 advantageous, though in the other applications, treatment is suggested to either remove the 148 metallic aluminium or dissipate the expansive reactions before its use in concrete. 149
The presence of soluble lead, zinc, phosphates and copper in MIBA may potentially affect the setting 151 behaviour of concrete, as these constituents are sometime used in admixtures as set retarders. 152 153 3.5 Density
154
Specific gravity results for MIBA are presented in Figure 3 , with the samples divided into (a) 155 unspecified or screened to remove oversized fraction or sieved as aggregate, (b) subjected to metal 156 recovery treatment and (c) ground as cementitious components. Based on the total samples, the 157 material had an average specific gravity of 2.36 (references in Appendix E), however the process of 158 recovering the denser metal fractions led to a decrease, and the process of grinding, which is a 159 prerequisite for its use a cementitious component, led to an increase due to the smaller, more 160 compact particles and lower porosity. In ground form (average specific gravity of 2.63), the density 161 of the material is significantly lower than the typical value of 3.15 for Portland cement, though 162 above to the 2.3 value of fly ash (Jackson and Dhir, 1996) . 163 processing, whilst at times, additional thermal treatment has been applied to the material. Using 277 attributed to the irregular particle shape and high porosity of the material. The additional thermal 280 treatment did not significantly alter the effect of MIBA on the workability. Moderate increases in 281 setting times were evident with MIBA, which is expected when using pozzolanic materials as a 282 replacement of Portland cement. The lower specific gravity of MIBA led to a slight reduction in its 283 fresh unit weight, whilst its higher water retention resulted in lower bleeding. 284
285
On the hardened properties, the effect of MIBA as a binder on the mortar compressive strength 286 development with age is shown in Figure 6 Table 2 : Description of the work undertaken and emerging findings on the use of MIBA as part of the 653 raw feed for cement clinker production 654 Table 3 : Fresh properties of mortars using MIBA as a cementitious component 655 
